 The zeta potential decreases with increasing temperature at low salinity but is 8 independent of temperature at high salinity 9  At low salinity, the equilibrium calcium concentration increases with temperature but 10 is independent of temperature at high salinity 
Introduction

27
The zeta potential is a measure of the electrical charge on a mineral surface. The value the zeta potential is an important material property used when interpreting these data (see 36 Jackson [2015] for an overview). The zeta potential also controls the magnitude and polarity of polar species on the mineral surfaces in aquifers is also influenced by the zeta potential 44 [e.g. Appelo, 1994] . Consequently, knowledge of the zeta potential at conditions relevant to 45 natural subsurface systems has broad application. 46 In many subsurface settings, including hydrocarbon reservoirs [e.g., Gulamali et al., potential in carbonates remains poorly understood [Glover, 2015] . No measurements above 51 laboratory temperature are available in the literature. The aim of this paper is to determine the 52 temperature-dependence of the zeta potential in natural carbonates for the first time over the 53 range 22-120°C. We investigate three different natural limestone samples (Table S1 in ) NaCl (total ionic strength comparable to potable water); the 56 second contains 0.5 M NaCl (total ionic strength comparable to seawater Figure S1 in the supporting information).
67
As the SPM has been described previously, we provide only a short overview here.
68
The sample was confined in a PEEK core holder and placed in an oven along with the 69 reservoirs (columns) that supply electrolyte to the sample, and the electrodes used to measure For temperatures in the range 22-80°C, the electrolyte pH, electrical conductivity, and 77 concentrations of key ions, were measured using samples obtained inside the oven; 78 measurements at higher temperature were not possible. However, the zeta potential and the 79 electrical conductivity of the saturated rock sample were measured over the entire 80 temperature range investigated.
81
The streaming potential was measured using the 'paired-stabilization' (PS) method of 82 Vinogradov and Jackson [2011] . In this method, the pump is used to flow the electrolyte 
110
[2016]; see Table S1 in the supporting information). All three samples are pure limestone and 111 appear compositionally similar in X-Ray Diffraction (XRD) measurements.
112
The main difference in our approach compared to Vinogradov and Jackson [2015] 113 was in the preparation of the samples and electrolytes prior to the measurement of zeta The samples were then loaded into the SPM apparatus described above. This is closed 142 to the atmosphere and mimics the closed-system conditions pertaining to a rock-brine system 143 at depth. The temperature was then raised to the desired value and equilibrium of the 144 rock/water system at this temperature and closed conditions was established by pumping the 145 electrolyte through the sample from one reservoir to the other and back again. At regular 146 intervals, the electrical conductivity and pH of the electrolyte in the reservoirs was measured, 147 and equilibrium was assumed to have been reached when the conductivity and pH of the 148 electrolyte in each reservoir differed by <5%. The errors were found to be small: 3.5% for Ca at the higher ionic strength tested (0.5 M NaCl), the zeta potential remains constant within 214 experimental error. This behaviour is similar to that observed in natural sandstones by 215 Vinogradov and Jackson [2015] ; they also found that the zeta potential decreased in 216 magnitude with increasing temperature at lower ionic strength (0.01 M NaCl, consistent with 217 that investigated here) but remained constant at higher ionic strength (0.5 M NaCl, as in this 218 study). However, they found that the zeta potential at a given temperature was the same 219 within experimental error across the three sandstone samples investigated. Moreover, they 220 also found that the electrolyte pH decreased in magnitude with increasing temperature at low 221 ionic strength. but remained constant at high ionic strength. The equilibrium pMg and pSO4 observed in our experiments was constant for a given 248 sample and electrolyte irrespective of temperature (Figures 2e, f) . At the higher ionic strength 249 tested, the equilibrium pCa was also constant for a given sample and electrolyte irrespective 250 of temperature (Figure 2d) . However, at the lower ionic strength tested, the equilibrium pCa Figure S2 in the supporting information. At the higher ionic strength, the data 261 clustered at one value of pCa and zeta potential for each sample (Figure 3a) . 262 The temperature dependence of the zeta potential in sandstones observed by 263 Vinogradov and Jackson [2015] was explained by them in terms of the temperature 264 dependence of the electrolyte pH (i.e. the concentration of the proton, the PDI for the silica 265 surface). Here, we find that the temperature dependence of the zeta potential for a given 266 carbonate sample can be explained by the temperature dependence of the electrolyte pCa (i.e. 
